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(71) We, (Lincoln Etbctric Company 
Limited, a British Coinpany, of Bhck Fan 
Road, Welwyn Garden City, Hertfordshire, do 
hereby declare the invention, (for which we 

5 pray that a patent may fee granted to us, and 
die method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement ; — 
•This invention relates -to improved appara- 

10 tus for electric arc welding, and particularly 
to apparatus (for pre-heating an electrode prior 
to striking an arc, and (maintaining die arc in 
a stable condition when struck. 
It is known to provide apparatus for electric 

15 arc welding which comprises a main welding 
current source arranged to supply current to 
a welding circuit comprising a movable wire 
electrode and a workpiece; e control generator, 
arranged in opposition a© the main welding 

20 current source and connected in series with an 
electrical motor which is arranged to drive the 
electrode wire toward or away from the work- 
piece in accord with the difference between 
die output voltages of she source and control 

25 generator, the control generator and motor be- 
mg in parallel with the welding circuit. 

In order to explain the purpose of die pre- 
sent invention, the operation of a typical prior 
example of such apparatus will first be de- 

30 scribed. In this example, the main welding 
current source is an electrical dc. generator. 
The control current generator and electrical 
motor are also connected across the welding 
circuit in such a way that when the mam weH- 

35 dug current generator is switched on with low 
field winding energisation die control current 
generator and electrical motor complete a cir- 
cuit and the electrical motor is driven so that 
the wire electrode slowly approaches the work- 

40 piece. 

When die wire electrode itxmches the work- 
piece die control current generator and electri- 
cal motor are short circuited through die weld 
and are starved of energisation. Hence the mo- 
45 tor ceases to drive the wire electrode. The 
short-circuit current from die main generator 



is chosen to be sufficient to heat the wire elec- 
trode to just below hs melting point. Hie ap- 
paratus is then in a condition ready for a weld- 
ing operation, whereupon an auxiliary genera- 50 
tor supplies a higher current to die field wind- 
ings of the main generator, die control current 
generator and the electrical motor so that as 
the current from the main generator builds 
up die electrical motor is driven so as to lift 55 
'the main electrode away from the workpiece 
thereby establishing an arc. As the vokagefrom 
the main generator increases to a value higher 
than that produced by the control current gen- 
erator the polarity of die ourrent fed to die W 
electrical motor reverses and hence the elec- 
trode is driven down toward the workpiece. 
The control current generator and main gener- 
ator are arranged to be in opposition so that 
die current fed to die electrical motor is always *>5 
die resultant produced between die two, there- 
by producing a self-adjusting arc. 

Apparatus of the kind described above 
works well with welding generators, but in 
some instances it is preferable to use power 70 
suppKes of the static (i.e. transformer rectifier) 
type. However, with this type trf equipment, 
problems arise because the output characteris- 
tics of such equipment are such that die wire 
electrode overheats when die short circuit con- 
dirion is established. Accordingly it is an ob- 
ject of the present invention to provide arc 
welding apparatus in which these difficulties 
are alleviated. ^ 

The present invention in its broadest aspect 
subsists in apparatus ifor electric arc welding 
comprising a main welding current source ar- 
ranged to supply current to a welding circuit 
comprising a movable wire electrode and a g5 
workplace, an electrical motor arranged to 
drive the wire electrode towards and 
away from die wortopiece in accord with die 
difference between the output voltage of the 
maain welding current source and a control cur- 90 
rent generator so as to enable an arc formed 
between the wire electrode and the workpiece 
to be self-adjusting. The control current gener- 
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ator and the motor being rendered inoperative 
during short circuit between the wire electrode 
and workpiece, in which the main welding cur- 
rent source is arranged to provide a rectified 

5 direct current output from an input alternating 
current and there are provided means respon- 
sive to the potential difference across the weld- 
ing circuit to control accordingly the potonty 
of current through die motor, an auxiliary 

10 power source arranged to provide direct cur- 
rent to the welding circuit such as to heat but 
not mek the wire electrode, switch means for 
connecting the main welding current source to 
the welding circuit and means for stopping the 

15 heating of die electrode by the auxiliary power 
source when the main welding current source 
is feeding the welding circuit. 

The invention will be more readily under- 
stood by the Mowing in which reference will 

20 be made to the accompanying drawing which 
illustrates schematically one embodiment ox 

the invention. . . , 

Referring now to the drawing there is shown 
a main welding current source 1 connected 

25 across a welding circuit 2 comprising a wire 
electrode and a worfcpiece (not shown specifi- 
cally). An auxiliary (starting) power source 3 
is shown with its output connected in parallel 
-with the output of the main welding current 

30 source 1. A control current generator 4 and 
an electrical motor 5 are shown with their ar- 
matures connected together in series relation- 
ship across the welding circuit via polarity relay 
contacts 6 and 7 and a main triple pole select- 

35 ing switch 8. Auxiliary relay contacts 9 and 
.10 provide mo further breaks in the circuit 
between the armature of the motor and the 
welding circuit 2 and between the triple pole 
switch and the welding ohcirit respectively. 

40 The polarity Telay contacts are actuated by a 
polarity relay winding 11 which is coupled in 
series with another auxiliary relay contact 12 
which is arranged to be normally closed^ and 
to be opened when an auxiliary relay coil 21 

45 is actuated. The winding 11 and contact 12 
are disposed across the welding circuit so that 
the polarity relay can only be energised when 
the auxiliary relay is de-energised and the 
welding circuit is presenting a high resistance. 

50 The polarity relay contacts 6 and 7 operate 
to reverse the polarity of the currents supplied 
by the control current generator 4 to die elec- 
trical motor 5 so that the motor is driven to 
advance the wire electrode toward the work- 

55 piece. When the wire electrode touches the 
workpiece the welding circuit short-circuits the 
energising winding 11 of die polarity relay, and 
the polarity relay reverts to its normal condi- 
tion. 

60 An auxiliary power supply 13 is arranged 
to supply current to the field winding 14 of 
the electrical motor 5, and to the fieM winding 
of the control current generator 4 either via 
a contact 15 of a main relay 16 and a voltage 

65 regulating rheostat 17 if die polarity relay coil 



11 is de-enerpsed and a contact 24 thereof 
is in the left-hand position shown in the draw- 
ing; or via a variable resistor 18 and a current 
regulating rheostat 19 if the polarity relay coil 
11 is energised The auxiliary power supply 70 
13 is also arranged to supply current via the 
main triple pole selector switch S and a start- 
ing switch -20 to die energising coils 16 and 
21 of the main relay and the auxiliary relay 
respectively. The main relay has a contact 22 75 
in parallel with the starting switch 20 so that 
the starting switch may be released once the 
main relay has been energised, and a normally 
closed contact 23 in the circuit of the auxiliary 
starting power source 3 so that this auxiliary 80 
power source will be switched out of the circuit 
once the main welding current source has been 
switched on. 

The operation of the circuit is then as fol- 
lows. The main welding current source 1, auxi- 85 
liary power supply 13 and auxiliary starting 
power source 3 are all switched on and die 
armature of the control current generator 4 is 
set in motion. The field winding 14 of the 
electrical motor 5 is always energised if the 90 
auxiliary power supply 13 is switched on. The 
triple pole selector swhch 8 connects the aux- 
iliary starting power source 3 across the weld- 
ing circuit, connects the auxiliary power supply 
13 across the starting switch 20 and the main 95 
relay contact 22 and connects the armature of 
the control current generator 4 in series with 
the armature of the electrical motor 5 across 
the welding circuit 2. This circuit is soil bro- 
ken by the contacts 9 and 10 of die auxiliary 100 
relay 21. The auxiliary starting power source 
3 provides a potential difference across the 
welding circuit 2 which is sensed by the pola- 
rity relay coil 11 which actuates the contacts 
6 and 7 to connect the armature of the control 105 
current generator 4 and electrical motor 5 in 
series so that the electrical motor drives the 
electrode wire (not shown) toward the work- 
piece. The coil 111 also actuates a contact 24 
to connect the field winding of the control cur- no 
rent generator 4 via a variable resistor 18 and 
a rheostat 19 across the auxiliary power supply 
13. When the electrode touches the workpiece 
the potential difference across the welding cir- 
cuit 2 collapses to 2ero, the polarity relay coil 115 
ill is no longer energised and so the contacts 
6, 7 and 24 revert to their normal positions 
connecting the control current generator 4 in 
opposite polarity to the electrical motor 5. The 
short circuit current from the starting source 120 
3 through the wire electrode heats it to just 
below the melting point. The starring switch 

20 may now be actuated; when this is done 
the main relay coil 16 and auxiliary relay coil 

21 are energised, the contact 22 of the main "5 
relay locks on so that the starting switch 20, 
which may be of the push-button type, may 

be released. The contact 25 of the main relay 
is closed, connecting die mam welding current 
source 1 across the welding circuit 2. The con- 130 



tact .15 of the main relay is dosed, con- 
necting the field winding of the con- 
trol current generator 4 in series with 
the voltage controlling rheostat 17, and 

5 the contact 23 of the main relay is opened, 
as the current {from the main power source 
1 increases, to disconnect the ausfiary starting 
power source 3 from die circuit The contacts 
9 and 10 of the auxiliary relay dose to connect 

10 the armature windings of the control current 
generator 4 and the electrical motor 5 dn series 
across die welding circuit 2; the polarity of 
the current^ determined by the contacts 6 and 
7 of the polarity relay, fe such as to drive 

15 the electrical motor '5 to lift the wire electrode 
sway from the worfepiece in opposition to the 
current produced by the main power source 
U which tends to drive she electrical motor 
5 so as to move the electrode toward the work- 

20 piece. The contact 12 of the auxiliary relay 
opens to disconnect the polarity relay coil so 
that the polarity relay is not energised once 
the main power source is supplying current to 
the welding circuit. 

25 The control current generator 4 is designed 
so 'that its output current rises more rapidly 
once switched on than the output current <xf 
the main power source 1 so thai <rhe wire elec- 
trode is (first lifted away (from (the workplace 

30 ito establish the arc and then, as the current 
from (the (main power source ti overcomes (the 
current from (the control current source 4, die 
electrode is stopped and is fed down toward 
the workplace. The position of the electrode 

35 is thereafter determined by the difference vol- 
tage produced between (the main power source 
1 and the control current generaor 4 to provide 
a 'self-adjusting arc',. 
It will be understood that both the main 

40 welding current source (1 and the auxiliary 
starting power source 3 are of the ^static* (ie. 
(transfoimer/rectifier) type as is (the supply 13 
and accordingly provide a rectified direct cur- 
rent output from on alternating current input 

45 The circuit shown in the drawing includes 
a voltmeter across the welding circuit and an 
ammeter i n seri es with the welding circuit. 
WHAT WE CLAIM »IS : — 
[1. Apparatus for electric arc wehHng com- 

50 prising a main welding current source arranged 
to supply current to a welding circuit compris- 
ing a movable wire electrode and a worfepiece, 



.tan electrical motor arranged to drive the wire 
; electrode towards and away from the work- 
piece in accord with the difference between 55 
die output voltages of the main welding cur- 
rent source and a control current generator so 
© to enable an arc formed between die wire 
electrode and die woriapiece to be self-adjust- 
ing, (the control our rent generator and the mo- 50 
tor being rendered inoperative during short 
circuit between die wire electrode and work- 
piece, in which die main welding current 
source is arranged to provide a rectified direct 
current output from an input alternating cur- 65 
zest and ithere are provided means responsive 
ito die potential difference across the welding 
circuit to control accordingly the polarity of 
current dnongh (the motor, an auxiliary power 
source arranged to provide direct current to 70 
.die welding circuit such as to heat but not 
melt the wire electrode, switch means for con- 
necting die main welding current source to the 
welding circuit and means for stopping the 
heating of die electrode by the auxiliary power 75 
source when the main welding current source 
©feeding die welding circuit 

2. Apparatus as claimed in claim ll in which 
the means responsive to the said potential dif- 
ference is arranged to reverse the polarity of 80 
current supplied by the control current genera- 

: tor to the electrical motor when (the welding 
circuit is not short circuited and thereupon to 
cause the motor to drive the wire electrode 
towards (the workpiece, 85 

3. (Apparatus as claimed in either claim d 
or daim 2 dn which the control current genera- 
tor and the electrical motor have shear arma- 
tures connected in series across the wefcEng 
circuit. 90 

4. Apparatus as claimed in any preceding 
claim in which the control current generator 
is designed so that its output voltage rises more 
rapidly once the generator is excited than does 

the output voltage of the main welding current 95 
source. 

5. Apparatus substantially as hereinbefore 
described with reference to the accompanying 
drawings. 
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